Background: approximately 25% of older people who fall and receive paramedic care are not subsequently transported to an emergency department (ED). These people are at high risk of future falls, unplanned healthcare use and poor health outcomes. Objective: to evaluate the impact of a fall-risk assessment and tailored fall prevention interventions among older community-dwellers not transported to ED following a fall on subsequent falls and health service use. Design, setting, participants: Randomised controlled trial involving 221 non-transported older fallers from Sydney, Australia. Intervention: the intervention targeted identified risk factors and used existing services to implement physiotherapy, occupational therapy, geriatric assessment, optometry and medication management interventions as appropriate. The control group received individualised written fall prevention advice. Measurements: primary outcome measures were rates of falls and injurious falls. Secondary outcome measures were ambulance re-attendance, ED presentation, hospitalisation and quality of life over 12 months. Analysis was by intentionto-treat and per-protocol according to self-reported adherence using negative binominal regression and multivariate analysis. Results: ITT analysis showed no significant difference between groups in subsequent falls, injurious falls and health service use. The per-protocol analyses revealed that the intervention participants who adhered to the recommended interventions had significantly lower rates of falls compared to non-adherers (IRR: 0.53 (95%
INTRODUCTION
Many older people suffer falls [1] and it is not uncommon for older fallers to require paramedic care following such events. Falls in older people are estimated to represent up to 8% of the total annual workload of ambulance services [1] , constituting considerable operational and economic burden [2] .
Routine transportation to an emergency department (ED) as a default disposition following a fall is of questionable value and may not be an effective or efficient use of resources in the absence of physical injury or change in the person's functional status. Older non-transported fallers are, however, at an increased risk of recurrent falls and ambulance re-attendance [3] .
Two randomised controlled trials (RCTs) conducted in the UK have studied interventions offered to older people who received paramedic care following a fall [4, 5] . In the first trial [4] , intervention group participants were attended to by specially trained paramedics (emergency care practitioners), and if clinically appropriate, treated and discharged on scene. Control group participants were transported to ED as per standard care. The majority (89%) of participants within this trial were fallers, while the remaining participants presented with minor injury/illness. The second trial solely involved non-transported fallers [5] . It offered intervention participants a community-based fall prevention programme, including exercise therapy, home hazard assessment and medication review while control group participants accessed health services as usual. Both trials reported high compliance with intervention recommendations and demonstrated beneficial intervention effects including fewer subsequent falls, ambulance re-attendance [5] and lower ED-presentation rates [4] .
Participant identification and recruitment strategies differed in the above trials. Mason et al. conducted initial eligibility screening in the control room [4] with on-road paramedics notified of eligible people who could be invited to participate at the time of treatment. In contrast, paramedics were not directly involved in patient recruitment or onward referrals in the Logan et al. trial [5] . In lieu, recruitment involved research personnel reviewing ambulance service records to identify non-transported fallers. These strategies either add operational burden (additional staffing) or delays recruitment, assessment and implementation of interventions.
We therefore conducted the 'Intervention to PREvent Falls after Emergency Response' (iPREFER) RCT in which attending paramedics identified potentially eligible patients for trial participation immediately following non-transportation to ED, and implemented a referral system linked to existing services. The primary objective was to determine whether this approach, involving timely assessment and tailored interventions, resulted in a meaningful and significant reduction in subsequent falls, fall-related injuries and associated emergency health service use in older people who were not transported to hospital following a fall.
METHODS Design
A single blind, parallel group RCT was conducted to evaluate the impact of a comprehensive assessment and tailored intervention offered to older people who received fallrelated paramedic care but were not subsequently transported to hospital. Detailed methods are presented in the trial protocol manuscript [6] and included in Appendix 2 (Supplementary data are available in Age and Ageing online). Ethical approval was obtained from the Human Research Ethics Committee at Sydney Local Health District-RPAH (Protocol nos. X10-0352 and HREC/10/RPAH/616) and written informed consent was obtained from all participants prior to entry into the study. The study is registered with the Australian New Zealand Clinical Trials Registry: ACTRN 12611000503921.
Participants
The study sample comprised people aged 65 years and older who received a fall-related emergency response from paramedics operating from a cluster of seven ambulance stations in Eastern Sydney, Australia. Exclusion criteria were the following: (i) living in a Residential Aged Care facility (RACF); (ii) having a diagnosis of dementia and no available carer; or (iii) insufficient English to fully participate in the study. Following determination that a patient would not be transported to an ED, paramedics immediately notified research staff of potentially eligible people. Telephone contact was made within 48 h by a member of the research team and once it was established that no further emergency care was required and no study exclusion criteria were applied, the individual was invited to participate in the study (Appendix 1, Supplementary data are available in Age and Ageing online).
Data collection and randomisation
Following detailed baseline assessment, completed in the participant's home, they were provided with individualised written recommendations based on identified fall-risk factors (Appendix 2, Supplementary data are available in Age and Ageing online). Participants were randomised after all assessments and provision of recommendations had been completed, by researchers opening the next consecutively numbered sealed, opaque envelope. Randomisation was according to a random sequence generated by a computer programme (randomly permuted block sizes of [4] [5] [6] [7] [8] and prepared by a staff member not involved in the study. At 6 months after randomisation, all participants were interviewed at home to ascertain the level of adherence to recommendations on a three-point scale: (i) completed as recommended, (ii) partially completed (i.e. exercised sometimes), and (iii) not completed. All participants were followed up for 12 months from baseline (or until lost to follow-up) for subsequent falls and health service use. Due to the nature of the intervention, participants and the treating therapist were not blinded to group allocation. All pretest measures were assessed prior to randomisation and all follow-up data were collected by assessors/staff blinded to treatment allocation. Data analysis was blinded to the point of interpretation and secondary a priori analysis.
Intervention group
Participants randomised to the intervention group were provided with direct support by a research physiotherapist to implement their recommended fall prevention interventions [6] , immediately after their baseline assessment. This included organising referrals for exercise therapy provided by a physiotherapist, home hazard assessment and modification provided by an occupational therapist, vision assessment through local optometrists, Home Medication Review (HMR) completed by a pharmacist and specialist geriatric medicine review through hospital outpatient clinics. In addition, participants were provided with assistance regarding transportation to appointments and liaison with healthcare providers (e.g. GP and pharmacist). In instances where referrals were required from the participant's GP, i.e. HMR or outpatient clinic assessment, templates were faxed to the GP to facilitate the referral process.
For participants living within the local hospital catchment area, exercise therapy and home hazard assessments were delivered by the post-acute care service (PACS): an existing multidisciplinary hospital outreach team that provides care to people in their own homes [7] [8] [9] . The therapy visits were at no cost to the individual; however, costs associated with home modifications or required assistive devices were met by participants. Participants, who lived outside the hospital catchment area received exercise therapy delivered by a research physiotherapist, were referred to a community occupational therapist from the relevant local hospital, and/ or a local hospital for aged care clinic assessment as indicated. Participants who were housebound were offered a geriatrician home visit.
Control group
Control group participants received written advice from the researcher on how to address their identified fall-risk factors and were advised to speak to their healthcare provider for any further advice/assistance to implement the recommended fall prevention interventions.
Outcome measures
The primary outcome measures were the rate of falls and fall-related injuries during the 12-month follow-up period, collected via monthly diaries. A fall was defined as an 'unexpected event in which the participant comes to rest on the ground, floor or a lower level' [10] . Secondary outcome measures included level of uptake and adherence to the recommended interventions (three-point Likert scale: (i) completed recommendations as per-protocol, (ii) attempted recommendations but did not complete fully, and (iii) declined recommendations), health service use during the follow-up period (ambulance re-attendance, ED presentation and hospitalisation-both fall and non-fall related) recorded on monthly calendars [10] , and quality of life measured using the EQ-5D [11] at baseline, 6 and 12 months post-randomisation. In cases where information was missing or unclear, follow-up phone calls were made to obtain the information.
Sample size
The sample size was calculated on the basis of the primary outcome. Fall rates of 60% in the control arm and 33% in the intervention arm were estimated based on previous studies [3, 5] . Accounting for dropouts (10%), power of 90%, and a 5% significance level, a total sample of 234 was calculated.
Statistical analysis
The primary analysis was by intention-to-treat (ITT). Negative binominal regression was used to analyse differences between the intervention and control groups for all outcome measures. Incidence rate ratios (IRRs) were reported with 95% confidence intervals (CI). Adjusted IRRs were calculated by controlling for variables which differed significantly between groups at baseline. Baseline difference between groups was analysed using parametric and nonparametric test based on variable distribution. Between-group comparison of continuous measures (EQ-5D) were analysed using General Linear Models (ANCOVA).
Additional a priori analyses were conducted on a perprotocol basis to determine whether adherence moderated treatment effectiveness. Participants were categorised as 'adherers' if they completed all recommendations or 'nonadherers' if they did not. The per-protocol analysis therefore included 'adherers' who fully adhered to the treatment protocol, 'non-adherers' who reported deviation from the suggested recommendations and the control group, which included participants with varying adherence levels. Analyses were conducted using SPSS version 22.0 (SPSS Corp, Chicago, Ill. USA).
RESULTS

Trial flow and baseline comparisons
During recruitment (April 2011-May 2014), paramedics referred 684 potential participants of which 221 were enroled (Appendix 1, Supplementary data are available in Age and Ageing online). Funding constraints precluded further enrolment. Participant mean age was 83.3 years (SD 7.2 years) and 142 (64%) participants were female. The control and intervention group participants were well matched at baseline with significant differences noted only for 'total number of comorbidities' and 'near-tandem stance ability' (Table 1) . Of note, 159 participants (72%) fell, 139 At reassessment, intervention group participants reported a significantly higher uptake of exercise therapy, and greater uptake of HMRs and home hazard assessments compared to control group participants (Appendix 5, Supplementary data are available in Age and Ageing online). Within the intervention group, 39 participants (46%) completed all recommended interventions as per-protocol ('adherers'), while the remaining 46 (54%) did not or only partially adhere to their recommended interventions ('non-adherers'). In the control group, 13 (15%) participants were classified as adherers.
Primary outcome measures
Falls and injurious falls
During follow-up, 577 falls were reported with a fall rate of 3.25 falls per person year in the intervention group and 2.72 in the control group. ITT analysis revealed a nonsignificant IRR for falls between groups (IRR: 1.18, 95% CI 0.86-1.61; Table 2 ), and adjusting for relevant covariates did not impact the findings. A non-significant betweengroup difference for injurious falls was also observed (IRR: 0.96, 95% CI: 0.65-1.41).
Secondary outcome measures
Health service use
There was a non-significant reduction in emergency care use in the intervention group (ambulance call-out, ED presentation and hospitalisation) ( Table 2) .
Quality of life
No statistically significant between-group differences were detected for quality of life as measured with the EQ-5D (F (1,2) = 1.49, P = 0.224 (ANOVA)). Within-group changes during follow-up are presented in Appendix 6 (Supplementary data are available in Age and Ageing online).
Per-protocol analyses
The adherers and non-adherers in the intervention group (as defined above) were similar with respect to baseline measures relating to medical history and other patient characteristics (Appendix 7, Supplementary data are available in Age and Ageing online). The per-protocol analysis revealed a significantly lower fall rate in the adherers compared with non-adherers (IRR: 0.53, 95% CI: 0.32-0.86) ( Table 2 ). In other adherer-non-adherer comparisons, ambulance reattendance for falls (IRR: 0.51, 95% CI: 0.29-0.91), ED presentations for falls (IRR: 0.37, 95% CI: 0.18-0.80) and other medical reasons (e.g. myocardial infarction) (IRR: 0.51, 95% CI: 0.27-0.97) and fall-related hospitalisations (IRR: 0.37, 95% CI: 0.16-0.86) were also significantly reduced in the adherers. When comparing adherers with controls, all health service utilisation measures were lower during follow-up in the adherers; however, these differences were not statistically significant (Figure 1 ).
DISCUSSION
The primary findings, based on the ITT analyses, revealed that an intervention comprising timely assessment and tailored fall-prevention strategies did not significantly reduce subsequent falls or fall-related injuries in older non-transported fallers. Health service utilisation also did not differ between groups over the 12-month follow-up period. No betweengroup difference was observed for quality of life changes over the study period; however post-hoc analysis showed that a significant decline was only evident in the control group.
The following reasons for the lack of intervention impact are suggested. First, while the study protocol was evidence based, the fall-prevention effectiveness of multifactorial interventions offered to non-transported fallers Data are the total number of events (events per person year) and median (IQR). IRR, incidence rate ratio; the control group is reference category. ȹ, the number of falls capped at 10; adjusted for comorbidities (MACCS) and balance ability.
remains inconsistent [5, 12] . Second, although the effectiveness of written advice alone is inconclusive [13] [14] [15] [16] , the high adherence rate to individualised written recommendations by the control group may have reduced the between-group effect. Third, a multifactorial intervention may have increased activity levels, as measured using the IPEQ, with resultant fatigue and increased exposure to fall-risk situations. Indeed, exercise therapy has recently significantly increased fall rates in a frail population [17] , and previous research has shown non-transported fallers to be older and frailer than their transported counterparts and healthy community-dwelling older adults [18] . Fourth, the participants differed to the general population of older community-dwelling people in that they were at high risk of falls and more comparable to other high-risk groups such as older people following hospitalisation [19] and those living in residential aged care facilities [20] . Thus, the intervention may have not been optimal for a highrisk community-dwelling population for which fall prevention interventions are often less successful [5, 12, 13, 17, [21] [22] [23] [24] [25] . Finally, although evidence suggests that single interventions are less effective in high-risk participants [26] , it is possible that multiple recommendations overwhelmed some participants and led to non-or partial adherence [27] . A previous trial [5] conducted in a similar patient group showed a significant reduction in falls and ambulance callouts in the intervention group. This difference in findings may be due to the different control treatments (individualised written recommendations versus no further advice), different baseline characteristics (current cohort was older, taking more medication, more often cognitively impaired) and different adherence levels (46% versus 79% of participants fully adhered/received optimal treatment). When this study was analysed in relation to adherence levels, comparable effects including reduced fall rates and ED presentation were seen.
Intervention group 'adherers' and 'non-adherers' were similar across a broad range of baseline measures. The perprotocol estimates have important clinical relevance as they are indicative of the effect of undertaking an intervention and complement the ITT analyses [28] . Identifying those most likely to engage, by objectively measuring their intent towards a fall prevention intervention, may offer a more effective and cost efficient approach to delivering care to this high risk population.
Strengths and limitations
Strengths of this study were the direct involvement of paramedics in the recruitment and referral process and the timely implementation of the interventions within existing healthcare services. Importantly, of the 221 participants included in the study, 193 (87%) were contacted within 24 h of their index fall. The minimal exclusion criteria and the delivery of the intervention using existing services ensure that the pathway is potentially generalisable and sustainable.
We also acknowledge certain limitations. As outlined in the flow diagram, 52 of contactable people declined participation due to two main reasons: (i) feeling too fit and not requiring help or (ii) feeling too ill and frail to participate. While not dissimilar to most RCTs [17, 29] , this suggests a bias towards volunteers with heightened interest in the intervention. The main outcome measure (falls) was self-reported which creates potential bias due to under-reporting. However, international best practice guidelines were followed to ascertain fall information, including monthly calendars and follow-up phone calls to minimise reporting bias [10] . The self-reporting of adherence and health service use was not verified by external measures therefore may also be prone to reporting bias. More research is required to enhance our understanding of the predictors of adherence and how we can most effectively work with older people to maximise the uptake of interventions from which they stand to benefit. Equally, identification of those not willing to engage may also lead to a more efficient use of limited healthcare resources.
CONCLUSION
A multidisciplinary intervention did not prevent falls in older people who received paramedic care but were not transported to ED. This fall prevention strategy, however, may be efficacious in preventing falls and reducing associated healthcare service use if high participant adherence to recommended interventions can be achieved. Figure 1 . Forest plot of prospective falls, injurious falls and health service use-per-protocol analysis; IRR of prospective falls within 'adhering' and 'non-adhering' intervention group participants and control group. The control group is reference category. *Significant group difference between 'adherers' and 'non-adherers'. #Adjusted for baseline comorbidities and balance. ▲, 'adherers'; n = 39.
•, 'non-adherers' n = 46.
Key points
• Providing all non-transported older falls with a multidisciplinary intervention does not prevent future falls.
• Subsequent falls and health service use may be reduced if high participant adherence to recommended interventions is achieved. • This new model of care linked patients into existing healthcare services following fall-related paramedic care.
Supplementary data
Supplementary data mentioned in the text are available to subscribers in Age and Ageing online.
